
Reproducibility 
The IAA-CSIC Contribution 

CTA Data Model f2f Meeting 
Madrid - September 20th 2016 

 
José Enrique Ruiz 

IAA - CSIC 



IAA – CSIC  



IAA – CSIC  
Iván	Agudo	-	Coordinator/responsible	of	the	IAA-CSIC	Group		
Millimeter	 and	 radio	 polarimetric	 observa8ons	 (also	 VLBI),	 op8cal	 polariza8on,	 and	 mul8-spectral-range	
observa8ons.	Blazars,	rela8vis8c	jets	in	ac8ve	galac8c	nuclei,	and	the	surrounding	of	the	supermassive	black	
hole	in	SagiFarius	A*.	
	
Antxon	Alberdi		
Radioastronomy,	Radio	Interferometrometry.	Starbursts,	AGN	Rela8vis8c	Jets,	Radio	Supernovae,	Supernova	
Remnants,	NIR-Interferometry	studies	of	Massive	Stars.	

Alberto	Castro-Tirado		
Op8cal	astronomy	and	astrophysics	with	robo8c	telescopes.	PI	of	the	BOOTES	Network	of	robo8c	telescopes,	
and	scien8fic	contributor	to	the	GRANAT	mission	and	ESA’s	Interna8onal	Gamma-Ray	Laboratory	INTEGRAL.	
Microquasars,	GRBs	and	transients.	Astrophysics	from	mul8-spectral-range	data-sets,	also	involving	gamma-
rays,	but	with	a	main	focus	on	op8cal	observa8ons.	

José	Luis	Gómez		
Ultra	 high	 resolu8on	 radio	 and	millimeter	 very	 long	 baseline	 interferometry,	 including	 VLBI	 with	 orbi8ng	
antennas.	 Study	 of	 AGN	 jets	 through	 VLBI	 and	 mul8wavelength	 observa8ons	 and	 their	 comparison	 with	
numerical	simula8ons.	

Miguel	Angel	Pérez-Torres		
Radio	astrophysics,	 radio	 interferometry.	Starbursts,	AGNs	and	supernovae	 (both	CCSNe	and	Type	 Ia	SNe),	
using	mul8-wavelength	observa8ons,	with	an	emphasis	in	radio	observa8ons.	

José	Enrique	Ruiz		
Technical	aspects	of	astronomical	Archives,	Virtual	Observatory	and	Workflows	for	astronomy.	Capture	and	
preserva8on	 of	 the	 scien8fic	 process	 in	 order	 to	 increase	 reproducibility,	 visibility,	 access	 and	 reuse	 of	
methodology	used	in	the	process	of	analysis	and	research	in	astronomy..	



Technical Experience 
VO Archives - Modelling and Implementation 

–  B0DEGA – Interferometric DataCubes of Galaxies  
–  TAPAS IRAM 30m – Submm. Single-dish Observations 
– DSS-63 Robledo 70m – Radio Single-dish Observations 
–  AMIGA Catalog – Physical Properties of Galaxies 

IVOA Contributions 
– Note. Scientific Workflows in the VO 
– REC. PDL Parameter Description Language 
– Draft. N-Dimensional Cube Model 

Software Development 
–  AstroTaverna – Building workflows in the VO    
– GUIPSY– Kinematic modelling for velocity datacubes of galaxies 

CTA Data Model f2f Meeting - 21/09/2016 



The Wf4Ever Project 

1.  Intelligent Software Components (ISOCO, Spain) 
2. University of Manchester (UNIMAN, UK) 
3. Universidad Politécnica de Madrid (UPM, Spain) 
4. Poznan Supercomputing and Networking Centre (PSNC, Poland) 
5. Universisty of Oxford, e-Research Centre (OXF, UK) 
6.  Instituto Astrofísica Andalucía (IAA-CSIC, Spain) 
7. Leiden University Medical Centre (LUMC, NL) 
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Wf4Ever - Advanced Workflow Preservation Technologies for Enhanced Science 
2011-2013 EU FP7 
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Digital Astronomy 
Astronomy	research	lifecycle	is	en8rely	digital	
	
•  Observa8on	proposals	
•  Data	reduc8on	pipelines	
•  Analysis	of	science	ready	data	
•  Catalogs	of	objects	and	data	archives	
•  Publish	process	

–  Final	data	results	
–  Experiment	in	Digital	Libraries	
				ADS/arXiv	

Reproducible	research	is	s8ll	not	
possible	in	a	digital	world		

	

A	rich	infrastructure	of	data	is	not	
efficiently	used	

A	normalized	preserva8on	of	
methodology	is	needed			

Tools	



Visibility, Efficiency and Re-use 
Op8mize	return	on	investments	for	big	facili8es	
	
•  Avoid	duplica8on	of	efforts	and	reinven8on	
•  How	to	discover	and	not	duplicate	?	
•  How	to	re-use	and	not	duplicate	?		
•  How	to	make	use	of	best	prac8ces	?	
•  How	to	use	the	rich	infrastructure	of	data	?	
•  Intellectual	contribu8ons	encoded	in	so?ware	

More	data	in	archives	do	not	imply	more	knowledge	
	
•  Expose	complete	scien8fic	record,	not	the	story	
•  Allow	easy	discovery	of	methods	and	tools	
	



The Executable Paper 
Time has come to go beyond the PDF 



Barriers 

Tools	

Incen8ves	



The Local Desktop 

#		CIG		Vhel		e_Vhel		r_Vhel		Dist		MType		e_MType		OptAssym		r_MType		Bmag		e_Bmag	
							1			7299.0				3.0			1				96.9				5.0			1.5			1			1				14.167			0.271			0.173		0.571		0.040		13.383				
							2			6983.0				6.0			2				94.7				6.0			1.5			0			1				15.722			0.324			0.255		0.278		0.031		15.157		
							3																																4.0			1.5			0			1				16.057			0.507			0.246		0.354									15.457				
							4			2310.0				1.0			3				31.9				3.0			1.5			0			1				12.818			0.424			0.252		0.863		0.017		11.685				
							5			7865.0			10.0			3			105.9				0.0			1.5			0			1				15.602			0.364			0.225		0.131		0.118		15.128					
						72			5164.0				9.0			2				68.5				5.0			1.5			1			1				14.445			0.325			0.315		0.367		0.028		13.735		

Capture Provenance 
Actions, Tasks, Dependencies,  

 
Improve  

Clarity and Reproducibility 
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The Local Desktop 

Going beyond Automation  
Organization 



Definitions and Requirements 
•  Understandable 
•  Inspectable /Browseable 
•  Reproducible 

–  Reproduce in a different environment 
•  Repeatable 

–  Obtain same results when reproduced 
•  Re-usable 

–  Execute with different data 
•  Re-purposable /Modular /Extensible 

–  Modify for a different purpose  
•  Discoverable 
•  Socially Curated 

–  Annotated, Recommended, Rated 



Scientific Workflows 

Bringing Workflows to the Local Desktop  
of the everyday user 

Digital Libraries of workflows may boost the use of the 
existing infrastructure of data (VO)  

AstroTaverna	



AstroTaverna 



AstroTaverna 



Workflow-Centric Research Objects 

Distributed		

Technical	Objects	 Social	Objects	

Evolving	

Modular	distributed	aggrega8on	of	digital	resources	



Workflow-Centric Research Objects 
•  Ontologies	and	Vocabularies	

–  OAI	Objects	Reuse	and	Exchange	
–  Open	Annota8on	Ontology	
–  PROV	Ontology	
– WfProv	Ontology	
– WfDesc	Ontology	
–  RO	Ontology		

•  RO	Models	
–  Aggrega8on	
–  Provenance	
–  Evolu8on	
–  Annota8ons	
–  Checklists	(Minimum	Informa8on	Model)	
–  Social	Recommenda8ons	

•  RO	Bundle	Packaging	
	



RO Models 



RO RDF Serializations 



Research Object Knowledge Hub 



RO adoption failed 
•  Preservation and Discovery 

– Digital Libraries 
–  Linked Data RDF 

•  Tools and Research Methodology 
–  Tools for RO packaging/inspection/annotation missing 
– Workflow centric vs. script  and data-massaging 
– Web-Services oriented workflows 
–  Porting software and scripts is cumbersome 
– Non-controlled research environment 
–  Steep learning curve  



Related Initiatives 



Related Initiatives 
ADS Bumblebee Interface 
ADO	Linked Components 
Faceted Browsing/Filtering 
 
•  Publica8ons	
•  Journals	
•  Authors	
•  SIMBAD	Objects	
•  Tabular	data	behind	the	plots	CDS	
•  Observing	8me	Proposals	
•  Used	facili8es,	surveys	or	missions	
•  ASCL	reference	of	used	sopware	
•  Publica8on	Date		

hFps://ui.adsabs.harvard.edu/	



Related Initiatives 
•  iPython Notebooks /JupyterLab /Binder 

– Richly documented scripts 
– Provenance of data results exposed 
– Cloud-based platforms for reproducibility 

•  Sumatra – Provenance capture and reproducibility 
•  VisTrails – Workflow and exec. provenance inspection 
•  ReproZip – Reproducible pack and inspection 
•  noWorkflow – Provenance capture in Python scripts 
•  Virtualization Docker /Vagrant 
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Reproducibility in CTA Research 
•  Computing environment 

– Observatory controlled environment 
–  Astronomer desktop 

•  Methodology 
–  Automation 
–  Tools/Scripts collage 

•  Products 
– Observations and ancillary technical assets 
– Derived high level data products 
– Derived data/results from astronomer’s desktop analysis 



Reproducibility in CTA Research 
•  Metadata does not means central database 

– RDF Files serialization of provenance 
– SPARQL needed to query RDF TripleStore DB 
– Proper ontologies/vocabularies for CTA? 
– SQLite DB implemented in desktop by repro. tools 
– Environment captured in other formats (virtualization) 
– Digital Library of experiments? 

•  Provenance capture automation 
– Definition: AST analysis captures code 
– Deployment: modulefinder captures dependencies 
– Execution: listeners+reflection captures function calls  



Reproducibility in CTA Research 
•  Use cases drive the design 

– Portability needs? 
– User needs for provenance information? 

•  Diff based 
•  Graph based 
•  Query based 

•  Provenance in 
– Ctools? 
– Science Gateway Workflows? 
– Pipelines? 
– Monte-Carlo simulations? 



Decalogue 
How NOT to be a good Astronomer in XXI Century 
 
 

1.  In marketing just advertise your results – do not say how to reproduce them 
2.  Do things quickly and forget about them once you’ve submitted the paper 
3.  Be untidy – spread your code and data in a variety of formats and folders 
4.  Do not provide data results behind the plots– including the plots is just fine  
5.  Practise the “data mine-ing” – input data and/or results are mine 
6.  Practise the “data flirting” – please call me, if you want to know more 
7.  Always cite the same authors and papers or those that cite you 
8.  Do not reference other resources than papers – never provide URL links 
9.  Do not search info on Internet with other tools than ADS or arXiv  
10. Do not contact others if you re-use – duplicate and reinvent for your own 


